New housing supply in Australia has been experiencing a low rate of increase in conjunction with a dramatic increase in residential construction costs since the 1990s. This study aims to estimate the relationship between new housing supply and residential construction costs with the regional heterogeneities. Based on a panel error correction model, it can be identified that there is a causal link as well as a significant correlation between new housing supply and construction costs in the Australian sub-national housing construction markets. The model developed in this research assists policy makers to better understand the nature of the supply side of the housing sector and then enact appropriate policies to improve the new housing supply in Australia.
Introduction
The capacity of the Australian housing sector to supply has reached a crisis point since the 1990s, during which Australia's urban population increased dramatically (ABS, 2010a) . Figure 1 indicates that the annual population growth in Australia exhibited a significant upward trend between 1996 and 2009 while the number of new housing commencements was highly stable. According to the projection of the Australian National Housing Supply Council (NHSC, 2010) in 2010, approximately 3.2 million additional dwellings will be required across Australia in the next 20 years to accommodate a dramatic population growth. Urban economic theory suggests that there should be a long-run convergence between total housing stock and urban population (DiPasquale, 1999) . However, it can be inferred from Figure 1 that a divergence between housing supply and urban population has occurred in Australia. The annual report of the Housing Industry Association (HIA, 2010) supported this perspective and stated that a housing shortage of approximately 110,000 emerged in 2009 in Australia and this problem will be exacerbated in the future if the poor performance of the Australian new housing supply is not able to be improved.
described. Finally, the results yielded by the selected econometric model will be utilised for analysis and discussion. 
Literature Review
The studies on new housing supply are less common than that of housing demand. However, the early research with regard to the supply of new housing can be dated back to the 1960s and the focus is estimating the price elasticity by the reduced-form method. The reduced-form technique is a simple regression approach where house price is a function of the factors in relation to supply and demand.
The early reduced-form study, commenced by Muth (1960) , who examines the relationship between new housing outputs and house prices in the US, using national data. The results indicate that there is no correlation between new housing outputs and house prices. Follain (1979) tests the price elasticity of long-run new housing construction applying Muth's (1960) model to national data as well. The results are similar to Muth's (1960) findings, suggesting that new housing starts are totally price inelastic. Nevertheless, it is not possible to conclude, depending upon these two studies (Follain, 1979; Muth, 1960) that the supply of new housing is price inelastic as Muth (1960) and Follain (1979) use national data that has a potential problem in aggregation bias (Stover, 1986) . To solve this problem, a function with the cross-sectional data across 61 US metropolitan areas was estimated by Stover's (1986) study, in which new housing supply is significantly related to house prices.
Since the 1980s, there have been a series of empirical studies attempting to model the new housing supply directly. The approaches employed in such research emphasises a more structural method, in which the construction or aggregate supply is deemed to be a function of price and cost factors (DiPasquale, 1999) . The theory underpinning these studies is derived from the investment literature and urban spatial theory.
house prices, the price of output alternative (non-residential deflator) and construction costs], is developed by Poterba (1984) to test the impact of the user costs on the steady state of the housing market. The results indicate that house prices is an essential determinant of new housing construction and the increases in prices of non-residential construction lead to decreases in residential construction. However, Poterba (1984) found that there is no significant relationship between construction costs and new housing supply.
The model proposed by Poterba (1984) pursues the long-run equilibrium relationships among new housing supply, house prices and cost factors. However, the interrelationship between the variables within a short-run context is ignored. Topel and Rosen (1988) identified this point and developed a model where new housing supply is a function of house prices and a vector of cost factors. The results show that the long-run supply elasticity of price is 3.0 but the short-run elasticity is only 1.0. In short, the supply of new housing in the US is price elastic. Topel and Rosen's (1988) model yields a result similar to Poterba's (1984) findings, which suggest that the impact of construction cost on new housing supply is not significant.
Although the investment-based models (Poterba, 1984; Topel and Rosen, 1988 ) have contributed to the literature, advocates of the urban-spatial theory still criticise these studies because all of them ignore an important issue -the input of land. In reality, Poterba (1984) acknowledged the importance of land input in housing supply research but omitted it in his model due to a lack of data.
The urban spatial theory is a theoretical system which assumes that total housing stock equals urban population and land issues maintain an important role in new housing production (DiPasquale, 1999) . One valuable piece of housing supply work on the basis of urban spatial theory is the research by DiPasquale and Wheaton (1994) . This study produces an equation where new housing supply is a function of house prices, land prices, construction costs and lagged housing stock. By estimating this function, the price elasticity of housing stock and the price elasticity of new housing construction range from 1.2 to 1.4 and 1.0 to 1.2 respectively. However, DiPasquale and Wheaton (1994) can not identify a significant linkage between construction costs and new housing construction.
As described previously, the empirical research on new housing supply shared a problem in estimating the interrelationship between new housing supply and construction costs. Therefore, Somerville (1999) develops an hedonic construction cost series with an entirely new set of micro-data on housing construction to examine the link between new housing outputs and residential construction costs across the metropolitan areas of the US. The empirical results indicate that the housing starts in the US are cost elastic and construction cost is endogenous in the new housing supply function. The possible reason for the poor performance of the housing supply studies of housing starts and construction costs is a bias in the commercial cost indexes used by the previous research (Somerville, 1999) .
This literature review demonstrates that some empirical studies (DiPasquale & Wheaton, 1994; Poterba, 1984; Topel & Rosen, 1988) have attempted to uncover the linkage between new housing supply and residential construction costs since the 1980s. However, the researchers fail to identify a significant relationship between these two variables. In 1999, Somerville (1999) successfully discovered this correlation and claimed that the possible reason for the poor performance of the previous studies is the bias in the data. In addition, it can be identified from the existing housing supply literature that the 'regional heterogeneity' has not been empirically considered in the past research, leading to an critical assumption that omitting the 'regional heterogeneities' could be another reason for the failure of the previous models (DiPasquale & Wheaton, 1994; Poterba, 1984; and Topel & Rosen, 1988) . This paper will contribute to the literature by exploring the relationship between new housing supply and residential construction costs with the regional heterogeneities.
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Significance of the Regional Heterogeneity
The literature review suggests that construction cost is a key determinant of new housing supply. However, the sub-national or regional housing markets are segmented and can be influenced by a series of variables other than costs changes, such as policies, culture, race, education and even gender composition of local populations (Tu, 2003) . These factors result in regional variations, which are also known as the 'regional heterogeneities'. The majority of the factors that trigger the regional heterogeneities (e.g. culture, race and education) are difficult to observe in empirical research, however they can stay constant over time to effectively affect the demand and the supply sides of the housing sector (Reed, 2001) . Thus, modeling the housing markets on a regional level without regional heterogeneities is not realistic.
The study conducted by Tu (2000) discovered that the Australian regional housing markets are segmented and they are mainly determined by local factors varied by regions. In simple terms, the 'heterogeneities' across the regions maintain an active role in the sub-national housing markets in Australia. As a result, the regional heterogeneities are significant to the study regarding the Australian sub-national housing sector.
Methodology
Theoretically, the entity fixed-effect models of the panel econometric techniques not only capture the time-series effects, but also allow for 'the effects of those omitted variables that are specific to individual cross-sectional units but stay constant over time' (Hsiao, 2003, p. 30) . In other words, the panel econometric models can quantify the effects specific to the heterogeneities within a cross-sectional unit (e.g. regional markets) across periods (Greene, 2000) .
To investigate the causal link and correlation between new housing supply and residential construction costs with regional heterogeneities, a panel error correction model (ECM) will be employed in this study. The ECM is a regression model with a cointegration and error correction term. It is useful for identifying the Granger causality and any correlation between variables (Dinda & Coondoo, 2006; Luo et al., 2007) . Two tests must be conducted before constructing the panel ECM, one is the panel unit root test and the other is the panel cointegration test.
Panel Unit Root Tests: IPS test
The unit roots tests are an important step for econometric modeling and they are utilised to examine the stationarity of the data. It is argued that the regression will be spurious if the data imported are non-stationary (Granger & Newbold, 1974) . The method used in this paper to test the unit roots is the IPS test.
The IPS test is proposed by Im et al. (Im, Pesaran and Shin) (1997; 
The null and alternative hypotheses of the IPS test are defined as: 
Then the values of Im et al. (1997) . Under these assumptions, Im et al. (1997) concludes that: Im et al. (1997) also employs a group-mean t-bar statistic to test the unit roots of the panel data. Applying a Monte Carlo Study, Im et al. (1997) demonstrates the finite sample property of the IPS test and identifies that the IPS test under the small sample has a better performance than other panel unit root tests.
Panel Cointegraton Tests
The panel cointegration test developed by Pedroni (1999) will be selected in this study. Pedroni's (1999) Pedroni (1999) , of which four tests belong to the first categories that are defined as within-dimension-based statistics. In the first category, the four tests depend on a variance ration statistic, a non-parametric and a parametric ADF-based test respectively. Regarding the second category, which is defined as the between-dimension-based statistics, two of the three tests are non-parametric corrections while the third is a test of the ADF. The tests in the second category are based on a group mean approach (Pedroni, 1999) .
Panel Error Correction Model
Once the pairwise cointegration between two variables has been identified, the next step in the Engle-Granger methodology is to model the short-run variations of the variables, which can be done by estimating the ECM (Dinda & Coondoo, 2006) . The ECM was first introduced by Sargan (1964) in the 1960s and systematically developed by Davidson et al. (1978) in the 1970s. However, the ECM was widely promoted by Engle and Granger (1987) in the 1980s. According the ECM methodology, the panel ECM is written:  stands for the longterm elasticity. The error correction term can be derived from the residual generated by a simple regression of two variables. The panel ECM in this study will be estimated by a seemingly unrelated regression (SUR), which is able to 'address problems associated with the presence of cross-sectional dependency among the series in the panel' (Holmes, 2007, p. 3).
Data Collection
For the purpose of estimating a panel ECM, the new housing commencements (NHC) and the input PPI (IPPI) of housing construction of the Australian six states (excluding Australian Capital Territory and Northern Territory) will be selected. The data on the new housing commencements are published in Building Activity Australia in the ABS, measuring the number of the new housing commenced for construction (ABS, 2010b) . The input PPI of housing construction is one type of the producer price indexes used to measure the prices of goods or services purchased by domestic producers for intermediate inputs of housing construction (ABS, 2010c).
The reason for excluding the two territories in the model is a lack of housing construction input PPI of the Nothern Territory and the Australian Capital Territory. The report of the ABS (2010b) on the Australian Social Trends claimed that the data for national total on the input PPI of house construction are a weighted average of six states. As a result, modelling the new housing supply and construction costs for Australia without the data on two territories is acceptable. All the data imported into the panel ECM in next analytical section are transformed to natural logarithms.
Analysis and Discussion
Likewise the time-series ECM, the prerequisite of constructing the panel ECM is that the data used must be stationary. Table 1 reports the results of the IPS unit root tests and it indicates that the data are integrated of the order one, i.e. I (1). The second step for formulating the ECM is to identify the cointegration relationship. As mentioned in Methodology, the Pedroni test will be conducted. As cointegration is found, the panel ECM can be constructed to uncover the nature of the target relationship. The model displayed as Eq. (10) is the panel ECM composed of the new housing commencements and the input PPI. 
Based on the cointegration tests and the panel ECM (Eq. 10), it can be concluded that there is a causal link between the new housing commencements and the input PPI of housing construction across the Australian six states. As claimed by Johansen (1988) , the Granger causality exists in at least one direction between two variables if they are co-integrated. In the Pedroni cointegration tests and the panel ECM, the NHC is the dependent variable and the IPPI is the independent variable. Hence, the input PPI Granger-causes the new housing construction on a regional level in Australia. Furthermore, the coefficients of the input PPI in the panel ECM are all significant and negative, which indicate that the increasing trends of the new housing commencements in six states were significantly depressed by the dramatic increases in the housing construction input PPI. This finding complies with the conventional economic theory discussed in Introduction. According to the coefficients in Eq. (10), the new housing commencements are sensitive to the changes in the input PPI of the Australian six states. Specifically, the supplies of new housing in Queensland and Tasmania are more sensitive to the construction cost fluctuations than that of other four states. In New South Wales, Victoria, South Australia and Western Australia, the supply elasticities of the construction costs are similar, ranging from 1.22 to 1.99. Moreover, the first coefficients of the six equations in Eq. (10) indicate that the regional heterogeneities across the sub-national housing markets in Australia significantly affect the relationship between the Australian new housing supply and residential construction costs. These results support the assumptions on the importance of the regional heterogeneity addressed previously.
Conclusions
This study has empirically estimated the relationship between the supply of new housing and construction costs in Australia with regional heterogeneities. Depending upon the panel ECM and the tests for the panel unit roots and the panel cointegration, a causal link affected by the regional heterogeneities has been identified from the input PPI to the new housing commencements in Australia. The coefficients of the variables in relation to housing construction costs in the panel ECM are significant and negative, indicating that the increasing trends of the Australian new housing supply had been significantly depressed by the residential construction costs. It can be further discovered from the empirical evidence that the new housing outputs in Queensland and Tasmania are more sensitive to construction cost changes than New South Wales, Victoria, South Australia and Western Australia. The essential role of regional heterogeneities and the significant correlation validate the assumption that omitting regional heterogeneities could be the reason for the failure of the previous research in establishing a linkage between new housing supply and construction costs. The model developed in this study is suited for investigating the residential construction sector within a comprehensive context, and it provides policy makers with valuable information to better estimate market development.
The overall findings in this paper imply that construction costs and local issues (e.g. political and demographic factors) are undoubtedly key determinants of the poor performance of the Australian new housing supply. Accordingly, how to control the cost inflation in the
